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CP violation @ @

electron positron

® CP is the combination of the charge conjugation C and
parity transformation P

o |f there is a difference between the ways nature treats
matter and antimatter then CP is violated

¢ \Within the Standard Model (SM), CP is naturally violated
INn weak charged-current interactions of quarks because
of the complex phase in the CKM matrix

0|

—Ly+ = (T ) v Wj + h.c. wt
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Direct CP violation

® Occurs if
e Corresponds to Af 2 A

2
f
— - 0
Acp AJ’:QJFAJFQ?é

® Most promising channels are Cabibbo-suppressed (CS)
decays because CPV may arise from the interference
between the tree and the penguin amplitude

=

g ~— -
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Why charm is charming?

e CP violation (CPV) in charm is suppressed
(@symmetries expected ~0.1% or below)

® Sensitive to possible contributions of
physics beyond the SM “

® Up-type quark: complementary to
studies in K and 2 systems

® LHCb is the main player in this quest

e CPV in charm has been searched for since decades,
last year finally observed with the AAce measurement
by the LHCb experiment!
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[Phys. Rev. Lett. 122, 211803]

Search for CPV in D—- K-K+ with Run-2 data

= AcHDO+KK:) - Ace(DO+ree) |
= (-15.4 = 2.9)x10-4 |

® The measurement of Acp(DP—=K-K+) and Acp(DP—r111+) separately
IS necessary to understand the nature of the observed CPV

® Assuming U-spin symmetry one would naively expect
Acpr(DO—K-K*) = - Acp(DO—rrr1+) and thus |Acp(DO—=K-K+)| ~ 8x10-4

e [ ast measurement of Acp(D0—K-K+) from LHCb using Run-1 data:

Acp(D? — KTK*) = |14 + 15 (stat) £ 10 (syst)| - 107
[Phys. Lett. B 767 177-187]

® Expected uncertainty with Run-2 data: 8.5x10-4
[Physics case for an LHCb Upgrade Il]
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https://arxiv.org/abs/1808.08865
https://doi.org/10.1103/PhysRevLett.122.211803
https://doi.org/10.1016/j.physletb.2017.01.061

_ N(MD—=f)—N(D—=f)
AD — f) = N(D—f)+N(D—f)

Strategy

e Prompt DP—=K-K+ from D™+ decays collected during Run-2

e Two methods to cancel nuisance asymmetries: pa'"tidez with same Ci’lo'"
- D+ decays, same used in Run-1 analysis ki:zr?; tigvzilgi?;ﬁ;z?ons
- Dst decays, new! but already used in Ap(K-Ttt) studies

e Correct raw asymmetry A using kinematically weighted samples of Cabibbo-favored
DY/ D)t decays (where CPV can be neglected):

AcpD’ = K KH) =+A(D " - (D’ - K KNz )—AD - (D' - )7 )
+A(DT > ) — [ADT - K 77) — A(KY)|

AcpD® > K"KY)=+A(D " > (D > K KN 7! )—AD " - (DY - )7l
+AD} = ¢ — |[AD} = KJ 1) = Ap(KY)]

where Ap(KO) is the detection asymmetry of neutral kaons, which includes mixing
and CPV effects

Serena Maccolini Acp(D°— K-K+) 106° congresso SIF - September 14-18, 2020 6



https://cds.cern.ch/record/2126060/files/LHCb-ANA-2016-007.pdf

plots for Dst method

BEFORE and AFTER kin. weighting
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Asymmetry

Neftective = Ekw * N

Fit results with D+ method
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Candidates per 0.5 MeV/c?
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Neffective = Ekw

Fit results with Ds+* method

Dst— KsK+
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Candidates per 0.5 MeV/¢?

Asymmetry
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Results and combination

LHCb preliminary results

® Following our recipes for Acp(DP—K-K+):

Allind| Dt = (56.6 £8.7 (stat.) ) - 107* A2 | D} =

® [he two values are compatible within 1 sigma

® [he results have a negligible correlation, thelr

combination gives

A blmd
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Acp(DO-K-K+)

= (50 £ 5 (stat.) ) - 10~
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Conclusions

® The measurement of Acp(DP—=K-K+) and Acp(DO—rT11+) separately is
necessary to understand the nature of the observed CPV

e A search for CP violation with prompt D9— K-K+ decays collected during
Run-2 has been introduced and preliminary results have been presented

e A precision of 5x10-4 has been obtained combining D+ and Ds+ decays
to cancel nuisance asymmetries (improvement of a factor 40% w.r.t.
previous expectation)

e Hype for Run-3: with this improved strategy, we may be able to get an
evidence for the single CP asymmetries in DO—=K-K+ or DO—= 1117+ in
Run-3

Serena Maccolini Acp(D°— K-K+) 106° congresso SIF - September 14-18, 2020




Serena Maccolini



